New regional anesthetic techniques have been incorporated into the multimodal approach to postoperative analgesia. Blocks such as the transversus abdominis plane block, adductor canal block, and pectoral nerves blocks all show promise as potential tools used in opioid-sparing techniques, but at the same time have significant limitations to their utility. Novel long-acting formulations of local anesthetics further add to the possible benefit of these blocks, but their application to peripheral nerve blocks is currently being investigated and is not well defined. This review focuses on evaluating the relevant anatomy, technique, and indications of several newer peripheral nerve blocks, the emerging evidence supporting the use of liposomal bupivacaine and SABER ® -Bupivacaine, and the application of both in ambulatory anesthesia.
Introduction
The drastic increase in ambulatory surgery volume is well documented, with the number of cases rising from 20 to 34 million between the years 1996 and 2006. 1 A larger percentage of cases being performed in the ambulatory setting presents anesthesiologists with the challenge of providing a safe, quick, and reliable anesthetic and recovery plan. Innovations in surgical procedures allow surgeons to operate on a wider variety of outpatients, further raising the expectations placed on anesthesiologists.
The multimodal analgesic plan and opioid-sparing techniques are central themes in administering an anesthetic with minimal side effects that allows safe and quick recovery and discharge. Regional anesthesia is an integral part of this plan, and it has been ubiquitously employed to prevent opioid-induced nausea, 2 to shorten recovery times relative to general anesthesia and narcotic techniques, 3, 4 and to improve patient satisfaction. Novel regional anesthetic techniques utilized by anesthesia providers can be a valuable tool in providing the optimal anesthetic plan.
Ultrasound-guided (USG) peripheral nerve blocks (PNBs) are continually being refined, with innovative applications found for preexisting blocks. Currently, PNBs come with limitations. Single-injection blocks typically provide from 8 to 24 hours of pain relief, which oftentimes is not adequate and produces challenges in managing postoperative pain. Continuous PNBs (CPNBs) have been utilized in both inpatient and outpatient settings as a potential solution to this problem, but also have drawbacks and potential complications. 5 Appropriate placement of CPNBs requires additional skill and time, and providers typically feel more comfortable performing a single-injection PNB. The application of CPNBs is limited to a smaller, healthier patient pool, at times excluding patients with cognitive dysfunction, severe cardiopulmonary disease, and other comorbidities that may delay identification of catheter placement complications. Other considerations must be evaluated prior to CPNB placement in the ambulatory environment, with many patients potentially requiring additional caretaker help or appropriate family assistance. 6, 7 Finally, removal of catheters at home may be not as benign a process as previously thought. 8 The additional complexity and limitations of placing CPNBs have led many providers to avoid these techniques altogether in the outpatient setting.
The development of long-acting local anesthetic formulations shows promise, but these have been primarily utilized in local wound infiltration by the surgeon. The application of these formulations to regional anesthesia is in the very early stages of research. In this article, several newer regional anesthetic blocks and their indications in ambulatory surgery will be reviewed, including the transversus abdominis plane (TAP) block, adductor canal (AC) block (ACB), and pectoral nerves blocks. In the Novel local anesthetic formulations section, both liposomal bupivacaine and SABER ® -Bupivacaine are reviewed, with the focus on their application to regional anesthetic techniques.
TAP block
Abdominal wall nerve blocks such as the TAP block are not novel blocks, but their popularity and utility have greatly increased over the last several years. Initially it was described by Rafi in 2001 as a "single pop" PNB technique covering the relevant sensory nerves of the abdominal wall. 9 Subsequently, the landmark approach has been modified and popularized by the addition of USG techniques. The relative ease and safety of the TAP block have made it a more ubiquitous tool in the management of postoperative abdominal pain, especially in situations where narcotic-sparing techniques are desired. Currently, the TAP block is utilized in both major abdominal surgeries and outpatient procedures, and, furthermore, it has been incorporated successfully into enhanced recovery pathways. 10, 11 Despite the vast application of this block, randomized controlled trials show mixed results when applied to outpatient abdominal wall surgery. This review focuses on the anatomy and techniques of the TAP block and its potential indications in ambulatory surgery.
Anatomy and techniques
The TAP block anatomy is ultimately defined by the neurovascular plane between the internal oblique and transversus abdominis muscles. The method by which local anesthetics are deposited in this plane has evolved over time, but the goal has remained constant. Although the differences in the approaches may be subtle, the spread of local anesthetic and quality of block can vary drastically; thus, understanding the abdominal wall anatomy and nomenclature is crucial to a successful application of this block. 12 The landmark-guided techniques involve understanding the triangle of Petit anatomy. The triangle of Petit is defined as the anatomical area that is formed by the latissimus dorsi margin posteriorly, external oblique margin anteriorly, and the iliac crest inferiorly, to which the aforementioned muscles attach. The floor of the triangle of Petit is formed by the internal oblique muscle.
The initial description of the block by Rafi relied on the palpation of latissimus dorsi attachment to the iliac crest and having a good feel for needle position. The needle insertion point is within the triangle of Petit just anterior to the latissimus dorsi attachment, with the goal of the needle tip making contact with the iliac crest past the fascial attachment of the external oblique muscle. Ultimately, the needle is walked off the crest and a change of resistance is felt when the needle enters the targeted neurovascular plane between the internal oblique and transversus abdominis muscles. As is common practice today, the use of a blunt needle and a larger volume (20 mL) of local anesthetic were recommended. 9 The "double-pop" technique is a variation of the singlepop technique, and was initially described by McDonnell et al. 13 The needle insertion is still within the triangle of Petit and posterior to the midaxillary line, but superior to the iliac crest attachments. The change in resistance is felt twice -first when passing through the fascial plane of the external oblique, and second when entering the plane past the internal oblique. McDonnell et al not only described this technique, but went on to show its benefits in various surgeries involving the anterior abdominal wall. 14, 15 Although this technique is relatively easy to learn, it is not without technical challenges and possible complications. The variation in triangle of Petit position is well documented and is not always easily palpated, especially in obese patients. 16 This can lead to depositing the local anesthetic superficial to the targeted plane, as well as the unintentional puncture of peritoneum or visceral organs. 17 An explanation offered by Rafi is that the change in resistance, or "first pop", expected going through the external oblique fascial plane is subtle and easily missed. 18 The use of ultrasound guidance has gained widespread acceptance within the regional anesthesia community, allowing for visual confirmation when performing a nerve block. 
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The popularity of ultrasound use, in combination with potential operator-driven limitations of landmark techniques, has led to the development of USG TAP blocks. The initial description is attributed to Hebbard et al. 19 This block is performed with the ultrasound probe perpendicular to the midaxillary line between the iliac crest and subcostal margin, with in-plane needle insertion from anteromedial to posterolateral direction. Most often, this approach is referred to as the USG lateral midaxillary approach, but also has been associated with other confusing nomenclature such as USG triangle of Petit approach, USG classic approach, and even, at times, USG posterior approach.
Anatomical studies have revealed a difference in local anesthetic spread when comparing the landmark techniques to the updated USG lateral technique. Sensory innervation may adequately be blocked for upper abdominal, lower abdominal, and pelvic surgeries when performing the landmark approach. 20 The inclusion of dermatomes can range from as high as T7 to as low as L1. Randomized controlled trials evaluating the utility of the lateral USG approach have shown mixed results. 20 It may be simply that the classic USG lateral midaxillary approach is not posterior enough, potentially sparing some thoracoabdominal cutaneous branches, with the landmark approach having components of a paravertebral block. 21 For improved coverage of dermatomes cephalad to the umbilicus, a subcostal USG approach was described. 22 In this approach, the ultrasound probe is oblique, inferior to the anterior costal margin, with in-plane needle placement and the target being the neurovascular plane between the rectus abdominis and the transversus abdominis. Dermatomal coverage as high as T6 has been reported with this variation on the block, showing promise for utility of USG blocks in upper abdominal surgery. 23 Another variation of the USG TAP block exists that is referred to as the posterior USG TAP block or quadratus lumborum block. Initially described by Blanco in 2007, it was subsequently published in a case report. 24, 25 Although currently not the most popular variation of the TAP block, it may be the ultrasound alternative for the more successful posterior landmark approaches. It involves moving the probe posterior to the lateral USG position and depositing local anesthetic in the plane between the transversus abdominis aponeurosis and the quadratus lumborum. Unfortunately, this block is currently lacking significant published evidence of its benefits.
indications Initial landmark techniques have shown great results in improving visual analog scale (VAS) scores for pain and lowering opioid requirements for major lower abdominal and pelvic surgeries. 14, 15 With the transition to USG TAP block techniques, one has to take into account the anatomical restraints of each type of block. In the ambulatory setting, the TAP block has been utilized for several types of surgery, most commonly laparoscopic procedures such as cholecystectomy and minor gynecological procedures, as well as inguinal hernia repairs. Although the TAP block has mainly been evaluated in the inpatient setting, certain results can be applied to the outpatient population.
Laparoscopic cholecystectomy
Lateral midaxillary USG TAP block Petersen et al, in one of the larger randomized, placebocontrolled studies, was able to show significant difference in early opioid consumption (0-2 hours, 7.5 mg vs 5 mg, P,0.001) in patients receiving USG TAP block vs a placebo block. 26 The primary outcome was area under the curve (AUC) pain scores with coughing in the first 24 hours, where a difference was noted (26 mm vs 34 mm, P,0.04), with the difference being negligible at 24 hours postoperatively. Unfortunately, no difference in opioid consumption in the 24-hour postoperative period was noted, putting in question the prolonged benefits of TAP blocks. When compared to placebo, other studies resulted in more pronounced opioidsparing benefits of TAP blocks. El-Dawlatly et al showed decreased intraoperative sufentanil requirement, as well as decreased morphine patient-controlled analgesic use in the recovery area and in the initial 24 hours postoperatively. 27 Ra et al demonstrated decreased postoperative opioid consumption and improved pain scores up to 24 hours after surgery in patients receiving TAP blocks with both 0.25% and 0.5% levobupivacaine. 28 The conflicting results leave the extended benefit of TAP blocks in this setting open to debate.
When TAP block was compared to trocar site infiltration, Ortiz et al failed to show any significant difference between the groups at 4 hours after surgery (P=0.18) or at 24 hours after surgery (P=0.23). 29 Also, no difference was noted in 24-hour opioid consumption, adding to the concern that TAP block and the risks associated with it may not be indicated if the surgical wound site is infiltrated with local anesthetics by the surgeon.
Oblique subcostal USG TAP block
Laparoscopic cholecystectomies typically involve supraumbilical trocar insertion; thus the subcostal approach to TAP block may be more beneficial in covering the cephalad dermatomes spared by the lateral USG approach. Unfortunately, only limited, smaller studies exist evaluating this potential benefit. [30] [31] [32] Chen et al compared subcostal TAP to patients receiving a 0.1 mg/kg dose of morphine post-induction in the control group, showing no significant difference in intraoperative opioid use, with limited data on postoperative opioid use. 30 Bhatia et al compared patients receiving lateral TAP block to subcostal TAP block, and were able to demonstrate significant improvement in the subcostal approach when evaluating postoperative pain scores (VAS score at 24 hours, 1.7±1.3 vs 0.5±0.8), and 24-hour opioid consumption (89.0±80.6 mg vs 27.0±49.5 mg). 31 Interestingly, Tolchard et al demonstrated an immediate opioid-sparing benefit to subcostal TAP block over port site local anesthetic infiltration, with lower recovery room fentanyl use (median 0.9 vs 1.5 µg/kg) and morphine consumption in the initial 8 hours after surgery (median 10 mg vs 19 mg). 32 These results support the idea that that the subcostal approach may be the more appropriate variation of the TAP block when managing patients undergoing cholecystectomy.
It is also important to note that pain intensity is considered to be worst in the period 24-48 hours after cholecystectomy. 33 This consideration makes the use of long-acting local anesthetic formulations especially appealing when planning the regional anesthetic technique for laparoscopic cholecystectomy.
inguinal hernia repair
Inguinal hernia repair is an outpatient surgery that may result in significant postoperative pain. The ilioinguinal/ iliohypogastric (II/IH) nerve block is a frequent part of the analgesic plan, and USG techniques have been shown to improve postoperative pain scores compared to placebo. 34 The role of TAP blocks is not clearly defined, with the results mixed. The classic lateral USG approach is ineffective if L1 dermatome is spared, but in theory the TAP block may offer a prolonged duration compared to II/IH block.
Aveline et al were able to produce results that hinted at the potential advantage of TAP block in open inguinal hernia repair. 35 Median VAS scores at rest were improved with the USG lateral technique compared to II/IH block during the first 24 hours after surgery. Secondary outcomes included a slight decrease in opioid requirement in the TAP group, but no difference in occurrence of chronic pain between the two groups. The II/IH block was performed by an experienced provider, but it was a blind block. In a randomized, prospective study, Petersen et al showed that a standard analgesic regimen including ibuprofen and acetaminophen negated any difference between the two regional techniques on AUC pain scores in the first 24 hours. 36 The reported low pain scores between groups, including the placebo group, made it a challenge to show benefit in either regional anesthetic group, casting doubt on the potential advantages of regional anesthesia in inguinal hernia repair when an aggressive non-opioid technique is employed. Interestingly, pain scores showed that TAP block was inferior to II/IH block in the initial 6 hours after surgery, suggesting that the lateral USG TAP may have sparing of key dermatomes, and the lack of difference is simply due to the short duration of the II/IH block.
A TAP nerve catheter has also been employed in an attempt to show the prolonged analgesic benefits of continuous nerve block after hernia repair. 37 Unfortunately, this study was small and underpowered and failed to show any analgesic benefit to TAP catheter placement.
Laparoscopic gynecological procedures
Minor gynecologic procedures are commonly performed in the outpatient setting, providing an appropriate patient population for the evaluation of TAP block benefits. Only a few studies exist, but when compared to placebo, TAP block has been shown to have a role in the postoperative analgesic plan. De Oliveira et al, in a 70-subject study, evaluated the utility of TAP block compared to placebo for outpatient gynecological laparoscopy. 38 The primary endpoint was Quality of Recovery 40 scores, and the authors were able to show a significant improvement in patients receiving both 0.25% and 0.5% ropivacaine TAP blocks using the lateral USG technique. Secondary outcomes included pain scores, 24-hour opioid use, and readiness for discharge from the recovery area, and in all areas, the lateral USG TAP block was shown to have a statistically significant benefit. These results were reevaluated by Calle et al in a prospective study showing the role of TAP blocks in ambulatory laparoscopic hysterectomy. 39 The technique utilized was a laparoscopic-assisted double-pop landmark technique performed by the surgeon. The authors were able to show a statistically significant difference in pain score upon discharge when comparing TAP block to placebo, but this difference was small. On top of that, no difference was noted in opioid consumption or pain score at 24 and 48 hours.
El Hachem et al compared TAP blocks to trocar site infiltration in patients undergoing gynecologic laparoscopy. 40 Patients received a TAP block on one side and local infiltration on the other, with no difference in pain scores or opioid use noted between the two groups. Of note, both lateral USG 
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These results add to the overall mixed results in studies evaluating the role of TAP blocks for outpatient surgery. Undoubtedly, randomized controlled studies showing the benefit of lateral USG TAP blocks compared to placebo exist. The benefit in pain outcomes is confirmed by a recent meta-analysis that included both inpatient and outpatient laparoscopic procedures. 41 Unfortunately, it has been much harder to show any benefit when comparing TAP block to local infiltration at the trocar site or other blocks such as the II/IH block. It may be simply that the USG lateral approach does not include all of the relevant dermatomes, sparing important thoracoabdominal cutaneous branches. There is some promise in the utility of the subcostal approach in laparoscopy compared to trocar infiltration, but further evaluation of this newer block variation as well as the novel USG posterior approach is needed.
ACB
The ACB is a variation of the femoral nerve block (FNB), performed distally with the intention of sparing quadriceps strength and maintaining the benefits of blocking the innervation to the knee and medial aspect of the lower leg and foot. Thus, the utility of this block is not much different than that of the traditional FNB performed at the level of the femoral crease. The ability to maintain quadriceps strength has been mainly applied to total knee arthroplasty (TKA), where postoperative fall risk and FNB-related weakness have been reported. 42, 43 The dual benefit of postoperative strength and analgesia in femoral nerve distribution is an appealing concept that can also be applied in the ambulatory setting.
Anatomy and technique
The AC, at times referred to as Hunter's canal or the subsartorial canal, is an aponeurotic tunnel covered by the vastoadductor membrane. By definition, its proximal border is the apex of the femoral triangle and it ends distally at the adductor hiatus. The AC is bound anteromedially by the sartorius, anterolaterally by the vastus medialis, and posteriorly by the adductor longus muscle. It contains femoral vessels and branches from the femoral nerve, including the saphenous nerve and nerve to the vastus medialis muscle. The saphenous nerve is most often located anterolateral to the femoral artery at the proximal portion of the AC, but courses medially on top of the artery as the vessels exit the canal. 44 Of note, posterior obturator nerve branches may be present within the AC, oftentimes piercing into the distal portion of the AC.
The femoral and obturator nerves both play a role in the complex innervation to the knee and lower leg. In conjunction with the tibial and common peroneal nerves, they form genicular nerves that innervate the knee joint. The majority of the anteromedial and anterolateral parts of the capsule are innervated by the femoral patellar plexus, with a significant contribution coming from the nerve to the vastus medialis. Outside of its sensory component, the nerve to the vastus medialis also has motor function that innervates the vastus medialis muscle -part of the quadriceps. The saphenous nerve innervates the anteromedial cutaneous portion of the knee in the form of its infrapatellar nerve branch, and continues to innervate the medial region of the leg until the ankle. The obturator nerve contributes to knee capsule innervation by being a part of the popliteal plexus and supplies the posteromedial aspect of the knee. The posterior branches that migrate into the AC may partially supply the motor component of the adductors.
Some ambiguity on the identification of the proximal border of the AC exists, with Bendtsen et al pointing out that the external landmarks of the subsartorial region may inaccurately estimate the location of the AC. 45 This is further complicated by the AC and subsartorial canal terms being used interchangeably, even though the margins of the subsartorial region extend proximal to the AC. Regardless of the exact definition, anatomical studies support that subsartorial injection close to the femoral triangle has minimal cephalad spread. 46, 47 Although early descriptions of a subsartorial block with the use of a twitch monitor exist, it has become exclusively a USG block. 48 Because of the location of the nerve relative to the artery, the approach typically described is an in-plane anterolateral to medial approach, with the ultrasound probe positioned mid-thigh.
indications
The lack of cephalad spread into the femoral triangle has potential clinical implications. Motor innervation to the quadricep muscles often includes parts of the femoral nerve that branch off proximal to the AC. Because of this, the ACB has the potential advantage of maintaining quadriceps strength, with the exception of the vastus medialis muscle, which has motor components within the AC. The clinical application of this has been evaluated. Jaeger et al showed an 8% reduction in strength in healthy volunteers when ACB was compared to baseline, but this was nowhere near as drastic as the 49% 49 The relative preservation of quadriceps strength in ACB recipients was also shown when healthy volunteers were administered both ACB and FNB in opposite limbs. 50 The maintenance of strength and ability to ambulate after ACB has been reiterated in several randomized, prospective studies in patients undergoing TKA. 51, 52 Compared to placebo, patients who received an AC peripheral nerve catheter had the expected decrease in morphine consumption, lower pain scores with flexion after TKA, and improved ability to ambulate as measured by the Timed Up and Go (TUG) test. 51 The analgesic and opioid-sparing benefits of ACB compared to placebo in patients undergoing TKA have been noted. 52 With the FNB being widely accepted as a key component of the multimodal analgesic plan for TKA, the ability to ambulate early and maintain quadriceps strength while having similar pain scores and opioid use after ACB has been well documented. [53] [54] [55] The ACB has been studied in patients undergoing ambulatory arthroscopic knee surgeries, with mixed results. In patients undergoing medial meniscectomy, improved pain scores and decreased opioid requirement were shown with a distal subsartorial saphenous block using a nerve stimulation technique. 56 Equally promising results were shown in patients receiving a USG ACB compared to placebo block prior to arthroscopic medial meniscectomy. 57 Interestingly, when used as a part of a multimodal analgesic plan, the ACB showed little benefit in minor knee arthroscopies. Espelund et al showed that an analgesic regimen including acetaminophen and ibuprofen negated the opioid-sparing benefit of ACB, as well as the resting pain score difference. 58 Espelund et al also demonstrated no advantages in using the ACB in arthroscopic anterior cruciate ligament (ACL) reconstruction, once again quoting that the benefits of the regional anesthetic technique may be hidden by the multimodal analgesic technique in a situation where postoperative baseline pain scores low. 59 These results are not expected, given that a majority of studies support the benefit of FNB in ACL reconstruction. 60, 61 Espelund et al were later able to show that, when selecting for patients experiencing moderate-to-severe pain scores post-knee arthroscopy, at rest and walking pain scores improved after an ACB. 62 Although the potential utility of ACB in outpatient surgery exists, it needs further investigation.
Pectoral nerves blocks
Recently, Blanco 63 and Blanco et al 64, 65 have described a series of thoracic wall fascial plane nerve blocks referred to commonly as pectoral nerves I block (Pecs I), pectoral nerves II block (Pecs II), and serratus plane block, each with a dif-ferent approach to dealing with the complex innervation of the chest. There are several ambulatory procedures that these types of blocks can be applied to, including breast surgery, pacemaker placement, port placement, etc. These novel ultrasound techniques are not all-encompassing and not as definitive as thoracic epidural or paravertebral blocks, but in the outpatient setting, they may provide more utility because of operator hesitancy to perform neuraxial blocks that may have prolonged hemodynamic sequelae. What are currently lacking are significant randomized, prospective studies that show the benefit of these novel blocks. Local wound infiltration by the surgeon for minor chest wall operations is a frequently utilized regional technique which negates the need for understanding the complex sonoanatomy and innervation of the thorax by the anesthesiologist. Nevertheless, a brief review of the anatomy relevant to these blocks and current indications are included.
Anatomy and technique
Pecs I targets the neurofascial plane between the pectoralis major and pectoralis minor (Pm) muscles with the intention of blocking both the lateral and medial pectoral nerves. The block is performed with the ultrasound probe positioned similar to an infraclavicular brachial plexus block, with the needle position in plane.
Pecs II involves a second fascial plane injection between the Pm muscle and serratus muscle, attempting to block the long thoracic nerve and parts of the intercostal nerves at the level of the injection. Pecs II is performed with the ultrasound probe moved from an infraclavicular to axillary position, close to the lateral border of the Pm muscle above the third rib.
The serratus plane block was developed as an alternative to paravertebral block, primarily affecting the thoracic intercostal nerves. It is performed in the midaxillary region, at the level of the fifth rib, with the local anesthetic deposited either deep or superficial to the serratus muscle.
indications
The efficacy of these novel chest wall blocks has not been thoroughly evaluated as of yet. They have potential as an alternative to the gold standard epidural and paravertebral blocks, and the appeal of these blocks for use in the outpatient setting is notable. Bashandy and Abbas, in a prospective, randomized trial that included 120 patients undergoing modified radical mastectomy, were able to show the potential benefits of Pecs I and Pecs II. 66 Significantly lower VAS scores up to 24 hours after surgery were reported in patients who received both Ambulatory Anesthesia downloaded from https://www.dovepress.com/ by 54.70.40.11 on 22-Dec-2018 For personal use only. Techniques and novel local anesthetics in ambulatory anesthesia the USG Pecs I and Pecs II. Lower postoperative morphine patient-controlled analgesic use and intraoperative opioid use were reported as well. At this time, no studies in the outpatient setting have been performed, but the potential for further evaluation exists.
Novel local anesthetic formulations
Utility of local anesthetics in treating postoperative pain is limited primarily due to their short duration of action. However, new formulations of local anesthetics, liposomal bupivacaine and SABER ® -Bupivacaine, show promise in providing analgesia throughout the entire course of the postoperative period. Here, we provide an overview of the currently available multimodal analgesic options and recommendations for optimal postoperative pain management.
Liposomal bupivacaine
Liposomal bupivacaine is a new prolonged release formulation of bupivacaine approved by the US Food and Drug Administration (FDA) in 2011 for postsurgical analgesia. 67 It has been indicated for maximum single-dose administration up to 266 mg at the surgical site. Liposomal bupivacaine can provide drug release for up to 72 hours post-surgery. 68 No FDA approval has been granted for use in peripheral and neuraxial nerve blocks at this time.
Bupivacaine is an amide local anesthetic. The mechanism of action involves inactivating voltage-gated sodium channels. 69 Local infiltration of liposomal bupivacaine leads to systemic absorption depending on the site of infiltration. The drug undergoes two releases, a first peak occurring when free bupivacaine in the liposomal solution is systemically absorbed, and a second peak in response to gradual release of liposomal bupivacaine. 70 Table 1 summarizes the efficacy of liposomal bupivacaine infiltration in surgery that can be performed in an ambulatory setting.
Side effects of liposomal bupivacaine
Local anesthetics can have multiorgan side effects, with the central nervous system (CNS) most sensitive to toxicity. Early symptoms of paresthesias and dizziness can progress to seizures. 71 Cardiovascular toxicity requires a higher threshold concentration, with effects including bradycardia, arrhythmias, and eventual cardiac arrest. 72 Hu et al reported that the most frequently reported side effects of liposomal bupivacaine administration were nausea, vomiting, constipation, peripheral edema, hypotension, and pyrexia. 73 Potential cardiac side effects of liposomal bupivacaine were evaluated by Bergese et al. 74 Liposomal bupivacaine was compared to bupivacaine HCl in clinically relevant doses in 144 patients who underwent TKA. No significant changes in baseline QRS were found, and similar changes from baseline in heart rate and PR intervals were noted in both groups.
Single-injection PNB
Ilfeld et al conducted a dose-response study in 14 healthy volunteers with bilateral single-shot FNBs with liposomal bupivacaine. 75 Doses ranged from 0 mg to 80 mg of liposomal bupivacaine in 30 mL of normal saline. Two different doses were received by each subject, one on each limb, and were randomly applied in a double-masked fashion. Motor and sensory blockades were evaluated using maximum isovolumetric contraction of the quadriceps femoris muscle, and tolerance to cutaneous electric current in the femoral nerve distribution was assessed.
Results of the study indicated a high degree of intersubject variability and it was found that motor block duration 87 Mammoplasty Liposomal bupivacaine 600 mg compared to bupivacaine HCl
No statistical difference was found between the groups (AUC 441 vs 468, P=0.399) Golf et al, 2011 88 Bunionectomy Liposomal bupivacaine 120 mg compared to 0.9% sodium chloride
Pain intensity score was significantly lower with liposomal bupivacaine vs control (123.9 vs 146, P,0.0005) Robbins et al, 2015 89 Forefoot surgery Liposomal bupivacaine compared to bupivacaine HCl
Mean number of narcotic pills consumed was 1.4 and 1.8 on POD 1 and 2, respectively, compared to 3.6 on both days in the control group Haas et al, 2012 90 Hemorrhoidectomy Liposomal bupivacaine compared to bupivacaine HCl
Lower cumulative pain scores and mean total postoperative opioid consumption in the liposomal bupivacaine group compared to the control group Abbreviations: AUC, area under the curve; POD, postoperative day. 
TAP blocks and liposomal bupivacaine
Hutchins et al investigated the effect of subcostal TAP block with liposomal bupivacaine on postoperative pain relief in patients undergoing robotic-assisted hysterectomy. 76 A retrospective chart review of patients who underwent roboticassisted hysterectomy between November 2012 and May 2013 was done. The former patients (n=30) were considered as the test population, and patients who received TAP blocks between July 2012 and November 2012 without liposomal bupivacaine (n=30) were the control population. Upon finding the transversus abdominis fascia, three 10 mL syringes of local anesthetic were injected, with the first one containing 10 mL of 0.25% bupivacaine with 1:200,000 epinephrine and the second two syringes containing 5 mL of liposomal bupivacaine and 5 mL of preservative-free 0.9% normal saline. There was a statistically significant decrease in length of hospital stay in the TAPliposomal bupivacaine group compared to the control group (11.5±8.9 hours vs 27.7±12.6 hours, P,0.001). A randomized, prospective study evaluating the role of liposomal bupivacaine in subcostal TAP in the same patient population has hinted at the long-term (72-hour) opioid-sparing benefit compared to subcostal TAP blocks with bupivacaine HCl. 77 Sternlicht et al administered liposomal bupivacaine using TAP blocks in laparoscopic prostatectomy patients. 78 In this single-center, open-label, nonrandomized, prospective study, 12 patients received a total of 20 mL of 266 mg liposomal bupivacaine and the next 12 received 40 mL of 266 mg liposomal bupivacaine. Both were diluted in 0.9% normal saline. The median time to opioid use was 23 and 26 minutes for the 20 and 40 mL groups, respectively. The range of mean total opioid usage was 25.4-27.3 mg. The mean pain scores reported at the 1-hour mark were 4.4 and 5.3, compared to 3.1 and 3.9 at 2 hours postoperatively, with 20 mL and 40 mL doses, respectively. Pain scores were never greater than 3 in both groups.
Feierman et al evaluated liposomal bupivacaine TAP blocks for postsurgical analgesia in open abdominal umbilical hernia repair. 79 A cohort of 13 patients was administered TAP blocks immediately after surgery using 30 mL bilateral infiltration of 266 mg liposomal bupivacaine diluted with normal saline. Outcome measures were patient-reported pain sever-ity, postsurgical analgesia satisfaction, and opioid-related adverse events. Pain scores remained less than 2.3 throughout 120 hours postoperatively, and the mean pain score at 10 days was 0.4. The median time to first opioid use was 11 hours. Analgesia satisfaction at discharge and postoperative day 10 was 54% and 62%, respectively.
Pectoral nerves blocks and liposomal bupivacaine
Although, currently, no prospective, randomized studies exist, Leiman et al reported the potential benefits of liposomal bupivacaine in medial and lateral pectoral nerves blocks for management of postsurgical pain after breast augmentation. 80 The case report involved a 28-year-old woman undergoing elective breast augmentation. Left and right pectoral plane infiltrations were done using a mixture of 10 mL liposomal bupivacaine and 5 mL 0.5% bupivacaine HCl on either side. From discharge to postoperative day 10, the patient reported no usage of pain medications. The pain score was consistently below 3, and no pectoral spasms were reported.
SABER ® -Bupivacaine
SABER ® -Bupivacaine is an extended-release formulation of bupivacaine in a resorbable matrix providing delivery of bupivacaine at the site of administration for a period of 3 days. The three components which make up the formulation are local anesthetic bupivacaine, organic matrix sucrose acetate isobutyrate, and benzyl alcohol, which acts as a diluent. SABER ® -Bupivacaine is designed to provide continuous delivery of local anesthetic when placed in surgical wounds at the same rate of 10-20 mg/h as elastomeric pumps through indwelling catheters. 81 SABER ® -Bupivacaine is instilled into the surgical incision site before wound closure. Following application, the solvent rapidly diffuses, leaving a sustained-release matrix of bupivacaine and sucrose acetate isobutyrate. Clinical pharmacokinetics of SABER ® -Bupivacaine have been evaluated in patient populations who underwent surgical procedures such as inguinal hernia repair, arthroscopic shoulder repair, laparotomy, laparoscopic cholecystectomy, and laparoscopicassisted colectomy. Absorption of bupivacaine in all surgical models was rapid and was detected within 0.5 hour and 1 hour, followed by a gradual increase in concentration. On a dose-adjusted basis, cumulative exposure of bupivacaine was similar between SABER ® -Bupivacaine administration and bupivacaine HCl administration, indicating comparable bioavailability. 82 Since free bupivacaine provides more relevant information regarding potential CNS and cardiac events than total bupivacaine concentrations, unbound bupivacaine concentrations were elucidated from samples Ambulatory Anesthesia downloaded from https://www.dovepress.com/ by 54.70.40.11 on 22-Dec-2018 For personal use only.
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Techniques and novel local anesthetics in ambulatory anesthesia obtained from hysterectomy patients. Results showed mean free plasma bupivacaine concentrations closely paralleling total bupivacaine concentrations, at 5%-6% for both SABER ® -Bupivacaine and bupivacaine HCl. 81 The efficacy of SABER ® -bupivacaine in the previously mentioned surgeries is highlighted in Table 2 .
Side effects of SABeR ® -Bupivacaine
Adverse effects of SABER ® -Bupivacaine were found to be similar to bupivacaine HCl across multiple studies. Early signs of CNS toxicity were collected by a symptoms questionnaire and cardiac events investigated by 12-lead electrocardiogram and telemetry data pre-and post-dosing. No clinically relevant changes on electrocardiogram were revealed after administration of SABER ® -Bupivacaine. 83 In the Ellis et al study, CNS effects observed with SABER ® -Bupivacaine were at 9.4%, with headache being most common, compared to 13.8% with bupivacaine HCl. Cardiac events occurred at 1.9% with SABER ® -Bupivacaine compared to 10.3% with bupivacaine HCl. 81 Gan et al used Holter monitoring to detect cardiovascular adverse events. Holter monitoring was initiated 1 hour prior to surgery and continued until 72 hours after surgery. Holter data and blood samples for bupivacaine plasma concentration were obtained at baseline and at 1-72 hours after drug dosing. Large procedure-related changes were seen in baseline heart rate, with SABER ® -Bupivacaine showing no effect on cardiac conduction or depolarization. 84 In the Ekelund et al study, the most frequent side effects were headache, nausea, and musculoskeletal pain. Most were mild or moderate in intensity, with no notable differences between treatment groups. Up to 6 months postoperatively, no increased cardiac risk was observed in the SABER ® -Bupivacaine group compared to the control groups. 85 There have been no clinical studies investigating the use of SABER ® -Bupivacaine in epidurals or PNBs. Considering the superior pharmacodynamic and pharmacokinetic profile of SABER ® -Bupivacaine to bupivacaine HCl, SABER ® -Bupivacaine promises to be a good candidate for use in regional anesthesia.
